The process of urban-rural integration has led to severe ecological environmental pollution in rural areas of China, particularly in the economically-developed areas. This is an urgent issue to be solved. We select Jiangsu Province as a case study. From the perspective of the population, economic scale, energy consumption and financial support, we perform an empirical study of rural non-point source pollution problems in the process of urbanization based on the improved STIRPAT model. We apply the ridge regression method to avoid the multicollinearity of the variables in the STIRPAT model. The results show that the technological level, the size of the population and financial support are important factors affecting rural non-point source pollution. Therefore, we believe that technical progress, transformation of the mode of production and increasing the scale of financial support in rural areas are effective measures to solve the current rural nonpoint source pollution.
Introduction
With the development of the economy, environmental pollution has become more and more serious in China. Environmental protection has become a priority of government work. Additionally, more and more scholars have begun to study Chinaʼs pollution control problems from different angles [1] [2] [3] . In recent years, the rural environmental pollution problem has increasingly intensified with the speeding up of the urban-rural integration, especially in developed regions.
Urban-rural integration is centered on cities, small towns serving as a link, based on the country, the rural areas driven by urban areas and township-promoted agriculture, which established a new urban-rural relationship of mutual benefit and reciprocity, as well as mutual promotion, coordinated development and promoted common prosperity. Urban-rural integration is not the basic driving force to ensure Chinaʼs future economic growth, but a fundamental way to seek coordinated development between urban and rural areas, as well as to solve the "three agricultural problems" (referring in particular to agriculture, rural areas and farmer issues). From years of practice, urban-rural integration has greatly promoted the development of rural non-agricultural industries, achieving rural lifestyle urbanization and stimulating the free flow of the factors of production, narrowing the urban-rural gap. However, it has also exacerbated the extent of environmental pollution in rural areas of China, especially in developed regions. Rural pollution has a serious impact on regional economic development, endangers peopleʼs health and, in turn, hinders urban-rural integration. As one of the largest and fastest-growing economic regions in China, Jiangsu Province was the first region to promote urban-rural integration starting in 1983. Tremendous achievements have been accomplished, but rural environmental problems remain.
As can be seen in Table 1 , the pollution problems of rural areas in Jiangsu Province gradually increased along with the development of the economy, which directly causes the deterioration of our natural environment. It was shown that the rural area's surface water was slightly polluted in nine monitoring stations in the 2011 Report on the State of the Environment in Jiangsu Province in China. Additionally, it shows that the water quality was exceeded in 2011 by 30%. It is necessary to analyze the rural non-point source pollution and put forward a targeted approach, for the purpose of facilitating the smooth implementation of the urban and rural integration process and of achieving sustainable development goals. Thus, many scholars have begun to focus on the rural environmental pollution in the process of urban-rural integration.
Non-point source pollution has four main features: private ownership, complex and diverse causes, great harm and a large influence scope. Therefore, it is difficult to clean up non-point source pollution in rural areas. The research on rural non-point source pollution control abroad began in the 1980s, mainly focused on technical measures, control theory, economic policy, etc. In 1991, two economists, Grossman and Krueger, proposed the famous EKC (Environmental Kuznets Curve) curve for describing the relationship between environmental population and per capita income [4] . Bell and Russell presented the view that the quantitative measurement of non-point source pollution is the foundation of the sewage charges and the issuance of sewage discharge permits [5] . Ribaudo et al., Isik, Russel and Clark, Egli and Steger and Speir studied the feasibility of economic means and policy instruments to solve rural non-point source pollution [6] [7] [8] [9] [10] . They also discussed the implementation difficulties and corresponding countermeasures. Kaplowitz et al. studied non-point source pollution control using the selected experimental investigation methods and by understanding the publicʼs preferences [11] . The results show that the involvement of stakeholders can increase the public recognition of the pollution control plan, thereby improving the effectiveness of pollution control. Camacho-Cuena et al. and Cason et al. also studied non-point source pollution from different aspects through experimentation [12, 13] . Non-point source pollution has also been studied from the technology and economic policy viewpoint in China. Li et al. thought that it showed an inverted U-shaped curve between fertilizer non-point source pollution and macroeconomic growth [14] . There are several key factors of the fertilizer non-point source pollution in rural areas, including the level of residents' wealth, the proportion of nonfarm employment of farmers, the urban-rural dualistic environmental management system, and so on. Guo and Sun have also researched the EKC curve between rural non-point source pollution and economic growth empirically in different ways [15] . Gao et al. calculated the equivalent pollution load and equivalent pollution index of Shandong Province in 2007, using the "Equivalent pollution load method" [16] . Yang et al. investigated the measures that could solve the problem of rural non-point source pollution and proposed an optimized management model about small watershed water quality [17] . Jin et al. investigated the acceptability of Macao residents to a solid waste management policy through the selection model [18] . Ge and Zhou proposed that Chinaʼs policy of fertilizer price control and fiscal subsidies to farmers led to the distortion of the fertilizer market, which increased the emission of agricultural fertilizer non-point source pollutants [19] .
Tremendous changes have occurred in the development scale, industrial structure, standards of living and lifestyle in rural areas due to urban-rural integration. These changes will have a great influence on rural non-point pollution. However, only a few studies have explored this area. Xiao thought that the environment should be protected through creating beautiful villages and ecological construction [20] . Luo took the rural areas of Chongqing as an example and proposed a measure of rural pollution control based on the perspective of urban and rural overall development [21] . Fei et al. discussed the ecological environmental issues in the process of urban-rural integration and presented the countermeasures correspondingly [22] . Fu took the rural areas of Changtu in Liaoning Province as an example, studied the status and issues of rural environmental governance and also put forward some measures on the issues [23] . As can be seen from the literature above, there has been a great deal of achievement in urban-rural integration. However, few of these works involve rural environmental pollution. If any, they put emphasis on the theoretical analysis and countermeasures instead of empirical analysis. This paper applies the improved STIRPAT model to research the rural non-point source pollution in the process of urban-rural integration. We use the ridge regression method to estimate the model parameters in order to avoid collinearity between the variables of the study based on theoretical analysis. Additionally, we use the ridge regression method to estimate model parameters in order to avoid collinearity between the variables of the study. In this paper, Jiangsu Province is selected as the study area, due to the fact that it is one of the most developed areas in China, the urban-rural integration in Jiangsu is representative of China and it has great influence. This paper empirically investigates the factors influencing rural non-point environmental pollution in the process of urban-rural integration and confirms the main factors that can influence rural non-point pollution. Finally, this paper provides the theoretical basis for rural environmental governance measures.
Analysis of Environmental Effects on the Construction of Urban and Rural Integration

Analysis of Population Factors
The rural population continues to decline, resulting in the decrement of the employment of the rural population with the urban and rural integration. Because of the lack of a rural labor force, the traditional mode of agricultural production is very hard to continue. Thus, farmers will increase their input of pesticides and fertilizers, machinery and other production factors as much as possible to replace the labor input for agricultural production. According to the statistics, the rural population has been reduced from 53,079,600 to 34,296,800 from 1990 to 2009, while the proportion of the employment of the rural population decreased from 74.69% to 58.81%. Fertilizer use increased from 2,217,900 tons to 3,440,000 tons, and = pesticide use increased from 79,800 tons to 92,300 tons. Plastic film use rose from 35,400 tons to 94, 300 tons at the same time. It is inevitable that non-point source pollution will continuously increase due to the wide use of chemicals.
Analysis of Economic Factors
Rural areas had experienced rapid economic development with urban and rural integration. Currently, chemicals, mainly fertilizers, pesticide, and plastic film significantly contribute to the development of agriculture in China. The increase of the agricultural economic scale means a large consumption of chemicals. At the same time, the income of the farmer's increases accordingly. Therefore, farmers will require better environmental quality. This will promote the improvement of environmental quality.
Analysis of Financial Factors
The government will pay more attention to the development of rural areas in the process of urban-rural integration. The government will provide funds and technology to rural areas. The technical level of agricultural production will be increased. The farmers will reduce the use of fertilizer, pesticide and other factors of production. By increasing the expenditure in rural areas, we can effectively support construction in rural areas, including environmental infrastructure. Once the environmental infrastructure increases, the processing capacity for environmental pollutants will be enhanced and non-point source pollutants will decrease. Consequently, the ecological environment can be improved at the same time. The increased expenditure is also able to increase funding for the publicity of environmental protection and to promote rural residents' environmental awareness, thereby reducing pollutant emissions.
Model, Variables and Method
Improved STIRPAT Model
Ehrlich and Holdren put forward the IPAT model (I = PAT) to research carbon emissions in 1971 [24] . I represents the amount of carbon emissions; P represents population size; A represents the degree of affluence; and T represents the technical level or energy efficiency. Dietz [25] . The model allows for adjustment and improvement according to different research purposes. Therefore, the applicability of this model is stronger.
The model was applied extensively to research environmental issues. However, few researchers have applied it to rural non-point source pollution. We apply it to rural non-point source pollution in the process of urban-rural integration in this paper. We improved and decomposed the related variables of the STIRPAT model according to the analysis conclusions above. P represents the rural population size. A represents the size of the economy. T represents energy efficiency. Finally, we introduce a new index, F, to represent the financial support for rural areas. In order to verify the existence of the EKC curve in rural non-point source pollution, we establish a non-linear model with reference to the method of York (2003) [26] . We take the logarithm of the variables to eliminate the heteroscedasticity of the data and to explain the results better. The improved STIRPAT model is as follows:
Variables and Data
The research data on COD emissions per year, TP emissions per year and TN emissions per year is cited from the research data of the College of Resources and Environmental Science, Nanjing Agricultural University [27] . All other research data are taken from the "Jiangsu Statistical Yearbook" (from 1990 to 2009). We discount the data value indicators according to the 1978 value to eliminate the influence of price changes.
At first, we apply principal components analysis methods to analyze the three kinds of non-point pollutants. The results show that the coefficient of the KMO (Kaiser-Meyer-Olkin) test is 0.748, which indicates that the variables correlate closely with each other and are suitable to be analyzed with principal components. The first principal component takes into account 97.30% of the original data. 
Ridge Regression Method
The multiple regressions are sensitive to the collinearity. The coefficient standard deviation will falsely estimate at the higher degree of collinearity based on the least squares regression method (OLS). The ridge regression method is improved based on the least squares regression method and can avoid the collinearity of the model. Therefore, we apply it in this paper.
Empirical Results and Analysis
Unit Root Tests
In order to avoid the phenomenon of "spurious regression", we perform ADF (Augmented Dickey-Fuller test) unit root tests for all variables using EVIEW6.0 to examine their stationarity. We present test results as shown in Table 3 . *, **, *** indicate the levels of significance at 10%, 5%, 1%, respectively; (C,T,K) denote the intercept, time trend and lag order, respectively.
As can be seen from the test results, not all of the original sequences of variables are stable. After the first difference, the time sequence data of total variables reject the original hypothesis at the level of significance of 5% and consider that they are first-order difference stationary sequences.
Co-Integration Tests
Since total variables are I (one) sequences, the co-integration test can be carried out to determine whether there are long-run equilibrium relationships between them. The Johansen co-integration test method is used in this article, because it is more suitable for a multivariate co-integration test, and the test potential is higher than the EG (Engle-Granger) two-step method. The optimal lag order of VAR (Vector Auto-regression Model) (P) is two, determined by using the AIC (Akaike Information Criterion) and the SC (Schwarz information criterion) information criterion. Therefore, the optimal lag order of the Johansen co-integration test is one. Accordingly, the results of the Johansen co-integration test are obtained in Table 4 . From the results of Johansen co-integration, we can see that both the trace test and max-eigenvalues test reject the original hypothesis at the 5% confidence level, suggesting that there are co-integration relationships between total variables.
Estimation Results of the Model
Due to the existence of a co-integration relationship between total variables, we estimate the parameters of Model (1). We apply a ridge regression method with Maekmay software 5.0 to avoid the multicollinearity of the model variables. We get the ridge regression coefficient and the ridge trace plot after setting up the ridge parameter K from zero to 0.50, and a step of 0.05. We present test results as shown in Table 5 and Figure 1 .
Total regression coefficients of independent variables have a large variation range when the ridge parameter goes from zero to 0.05. These are the abnormal changes caused by multicollinearity. The regression coefficients of independent variables tends to be stable when the ridge parameter is larger than 0.05. The bigger the ridge parameter, the greater the standard error of the model. Therefore, we set the ridge parameter to 0.05. At last, we get the parameters' estimated values. We present test results as shown in Table 6 .
As can be seen from the estimation results, the model works well. The adjusted R 2 of the model is greater than 0.900, which means that the explanation capacity of all of the variables reaches above 90%. The empirical results are consistent with what we expect. The technological factor is the highest. The second is the size of the population. The third is the prosperity and financial support. Lastly is the size of economy. The EKC curve in rural non-point source pollution does not exist currently. 
Conclusions and Policy Suggestions
According to the data about economic development and environmental pollution from 1990 to 2009 in Jiangsu Province, we apply the improved STIRPAT model and the ridge regression method to study the rural pollution problem in a developed area in the process of urban-rural integration. The results show that technological level and the size of the population are important factors to reduce rural non-point source pollution. Financial support can reduce rural non-point source pollution, too. Accordingly, we put forward the following policy suggestions:
(1) Balance urban and rural development, speed up industrial adjustment and speed up scientific and technological progress. Currently, an extensive and predatory development model has inspired the increase in agricultural nonpoint source pollution. Hence, balancing urban and rural development, taking economic and policy measures to guide rural industrial structure adjustment, introducing green industry and eco-industries instead of polluting non-agricultural industries and speeding up scientific and technological progress will reduce rural non-point source pollution effectively. (2) Increase financial support and improve rural environmental infrastructure. The dual urban-rural environmental protection system is an important factor for ineffective rural non-point source management. For a long time, the focus of China's environmental protection work has been in big cities, large industries and large projects, while rural environmental protection basically has remained in a marginalized status. In recent years, though the situation has improved, it still cannot meet the needs of the current pollution situation. Therefore, the government should take on policies of various forms: on the one hand, increasing financial input to environmental infrastructure in rural areas and improving the capacity to control pollution; and on the other, setting up a special fund for rural governance. In this way, the trend of the deterioration of the rural ecological environment can be reversed.
Of course, there are some limitations in this paper that need to be improved in future research. Due to variability of the data, such as population urbanization and the proportion of non-farm labor, being unstable, they are not included in the model for the empirical analysis; therefore, the study of the influencing factors is not comprehensive.
